BACKGROUND: Residency programs involve trainees in quality improvement (QI) projects to evaluate competency in systems-based practice and practice-based learning and improvement. Valid approaches to assess QI proposals are lacking.
INTRODUCTION
The Accreditation Council for Graduate Medical Education (ACGME) released its Outcome Project in 1999 requiring residents and fellows to demonstrate competency in systemsbased practice (SBP) and practice-based learning and improvement (PBLI). 1 Involvement of trainees in quality improvement (QI) efforts has been proposed as a means of addressing these two competencies. Indeed, resident physicians are in an excellent position to identify health care systems improvements, [2] [3] [4] yet they often lack the skills to identify the best interventions for improvement and the time and mentorship necessary to implement them. Consequently, many internal medicine residencies have developed QI curricula. We searched the literature for examples of health systems and QI curricula and their assessment. 3, [5] [6] [7] [8] [9] [10] Some published curricula involve seminar and lecture formats that are typically evaluated using pre-and posttests of knowledge. 5, 7, 8, 10 Other curricula incorporate independent-study QI proposals and/or QI projects. 3, [5] [6] [7] [8] [9] [10] However, reports of QI project assessments, and QI proposals in particular, are uncommon. Like any thoughtful research or business endeavor, a good QI project begins with a written proposal that explains the problem, hypothesizes a best solution, and outlines a plan to evaluate outcomes. However, we are unaware of any methods for evaluating such QI proposals. Therefore, we created a QI proposal assessment tool and determined the validity of its scores for evaluating resident QI proposals. In the Mayo curriculum, each month, 8 residents work in pairs of one first year and one third year resident to complete a QI proposal. These proposals are based on principles outlined in the curriculum, which incorporates recommendations from the ACT consensus group (Table 1 ) and the PlanDo-Study-Act (PDSA) model of QI that was adapted to health care from the business setting. [12] [13] [14] Residents are encouraged to develop a habit of identifying patient care-related QI opportunities encountered in ambulatory and hospital settings. Residents then measure the magnitude of the problem, consult key stakeholders, identify root causes, prioritize possible interventions based on an analysis of likely effort and yield, and detail a plan for implementation and assessment of the intervention. In total, each resident dedicates 64 h to this curriculum during a 1-mo ambulatory rotation in the first and third year of residency. They receive weekly guidance from chief residents and faculty mentors. At rotation end, residents submit written QI proposals for evaluation. They also present their proposals to the faculty and institutional QI leadership to exchange ideas and receive formative feedback intended to help them with future implementation of the QI proposal. Not all resident QI proposals have been implemented, and the implementation rate is being monitored for the purpose of future study.
METHODS

Quality Improvement Curriculum
QI Proposal Assessment Tool
Content of our QI proposal assessment tool was established by input from national and Mayo experts. Mayo experts (the study authors) were experienced in teaching the QI curriculum and mentoring resident QI projects, and one author (TJB) had experience with psychometric assessment and scale design in medical education. In May 2004, the Second Annual ACT Conference convened a session during which faculty participants identified the necessary components of a QI proposal (see Table 1 ). On the basis of this information, we created an initial assessment instrument.
The initial assessment instrument was tested by faculty and residents on a monthly basis, as part of the curricular sessions described above, from July to November 2005. Faculty and residents openly discussed their assigned ratings and opinions regarding the instrument's usability. The items were modified based on these discussions. The initial instrument had 9 items. Three of these items-"timeline for implementation", "assessment of the intervention", and "scope of the project"-were modified by the group. The first two were condensed into the item "implementation and evaluation of the intervention", and the latter was eliminated. Through this iterative process, we developed the 7-item, Quality Improvement Proposal Assessment Tool (QIPAT-7, Fig. 1 ). The items, structured on a 5-point rating scale (1= needs improvement, 2 to 4=meets expectations, and 5= exceeds expectations), included the following: definition of the problem, identification of key stakeholders, root cause analysis, choice of the QI project, identification of potential interventions, proposed intervention, and plan for implementation and evaluation of the intervention.
After approval by the Mayo Clinic Institutional Review Board, QIPAT-7 was pilot-tested in December of 2005 by 5 faculty members and 2 chief medical residents (all study authors except TJB and SSC), who individually rated 3 randomly chosen resident QI proposals from the previous academic year. These raters then met and, after critical discussion, resolved all differences in their assigned ratings. On the basis of this discussion, it was decided that each item's anchor descriptions ( Fig. 1) should be achieved to warrant a score of 3 or more for that item. From January to March 2006, the 7 raters used QIPAT-7 to score 45 consecutive resident QI proposals that had been completed from July 2004 through July 2005. The data collection was accomplished using secure electronic forms and computerized scoring. Data from these ratings were used in the current study. Issues of reliability may occur when multiple raters are used. Clearly, the raters will need some training so that they use a common set of standards. The following ideas were generated to improve reliability: 1. Use multiple raters appropriately, asking them to assess only those aspects of the QI proposal they have expertise in (e.g., many patients will not know how to conduct a root cause analysis but will be able to testify to their perception of the value of an intervention 17 Internal consistency reliability was determined by calculating Cronbach's coefficient alpha. By convention, alpha >0.7 was considered acceptable. All calculations were performed using SAS (version 9.1.3, SAS Institute, Cary, NC).
Figure 1. Quality Improvement Proposal Assessment Tool (QIPAT-7)
. The scale is anchored to the bulleted comments on the left. To achieve a score of 3 or higher, all bullets for each domain must be met. The box sizes for each point of the scale are simply determined by the heading labels; that is, smaller boxes do not indicate smaller intervals between scale steps.
RESULTS
Principal factor analysis revealed that the items comprised a single factor (eigenvalue=3.4), indicating that all 7 items represent 1 dimension of QI proposal assessment. This factorial model accounted for nearly 100% of the shared variance among the original variables. Item mean scores ranged from 1.9 to 3.4 on a 5-point scale. Interrater reliability for each item (range 0.79 to 0.93) and internal consistency reliability among the items (Cronbach's alpha=0.87) were excellent ( Table 2) .
DISCUSSION
With the introduction of the competencies of SBP and PBLI, the ACGME recognized that resident physicians require specific training in quality improvement. 1 Phase 2 of the ACGME Outcome Project aimed to improve resident assessment in all of the ACGME competencies. 18 Because SBP and PBLI were new concepts to most educators, 9 there are very few assessment methods for their domains. 19 Nonetheless, the ACGME Outcome Project asserts that "... programs are expected to phase-in assessment tools that provide useful and increasingly valid, reliable evidence that residents achieve competencybased educational objectives." 1 Here we report the first valid and reliable method for assessing resident QI proposals created to meet the SBP and PBLI core competencies. Meaningful assessment measures must be reliable and valid. 20 Current theory states that all validity is construct validity, and evidence is collected to support validity from the following 5 sources: content, response process, internal structure, relations to other variables, and consequences. [20] [21] [22] [23] Recent reviews of published clinical teaching assessments revealed that the most commonly reported and highly valued categories of validity evidence are those of content and internal structure, which include reliability. 24, 25 Clearly, assessments will be valid to the extent that their content accurately reflects the constructs of interest, which in this case are SBP and PBLI. Likewise, validity will be enhanced to the extent that raters agree (are reliable) on their assessments of SBP-and PBLIrelated proposals and projects.
Despite the ACGME call for the valid assessments of competency-based residency curricula, 1 we are unaware of any previous, standardized methods for assessing resident physician QI proposals. We report strong content and internal structure validity evidence for scores from our instrument, QIPAT-7. Internal structure validity evidence was supported by an assessment of the instrument's dimensionality (factor analysis) and high internal consistency and interrater reliability. Content validity evidence was supported by input from a panel of national experts, and instrument refinement through the use of a careful, prospectively planned iterative process. Response process validity evidence was supported, in part, by the use of secure electronic forms and computerized scoring. Although we found no previous, reliable methods for assessing resident QI proposals, we acknowledge existing recommendations regarding formats for reporting of QI projects. Moss and Thompson 26 originally suggested that published QI studies contain the following elements: brief description of the context, outline of the problem, key measures for improvement, process of gathering information, analysis and interpretation, strategy for change, effects of change, and next steps. Notably, each of Moss and Thompson's suggested elements is represented in QIPAT-7. Davidoff and Batalden expanded on this structure by organizing 16 similar items into the IMRAD (introduction, methods, results, and discussion) format. 27 Our assessment method incorporates these previously published elements of QI project reporting and, to the extent that assessment drives learning and performance, it should facilitate the effective communication of QI study results. We also recognize previous assessments of QI curricula that are structured on lecture and seminar formats. For example, Ogrinc et al. 8 described an assessment of 11 resident QI project presentations. Faculty members rated these presentations using the following scaled items (1=unsatisfactory to 4= excellent): developing an aim, describing and diagramming the work process, linking data to change, describing the PDSA cycle, eliciting interdisciplinary input, and incorporating interdisciplinary perspective. Once again, these assessment elements are strongly represented in QIPAT-7. However, psychometric performance of the data of Ogrinc et al. is lacking, and their assessment targeted project presentations, not written QI proposals. Our study has several advantages. Content validity evidence is strongly supported by compatibility with published recommendations for QI reporting and assessment, 8, 26, 27 national expert consensus, and instrument refinement through a careful, iterative process. We anticipate that QIPAT-7's content will have broad appeal to other residency programs, many of which likely have or will develop curricula that require residents to complete QI proposals and projects. Additionally, QIPAT-7 scores have excellent internal consistency and interrater reliability, which are essential elements of valid assessments. 24 We also found that utilization of QIPAT-7 is feasible in a large internal medicine residency program, as single ratings could be completed within 15 min, including the time required to read the proposal. Finally, we found that critical application of QIPAT-7 enhanced raters' understanding of quality improvement itself. Our study has limitations. Our findings are based on results from a single institution. Nonetheless, QIPAT-7 content was derived from a panel of national experts from many institutions, and despite several iterative revisions (which are recog- nized as essential for scale development), the final instrument retained content recommended by the original panel of national experts (see Table 1 and Fig. 1 ). Hence, our assessment method may generalize to other settings. Another limitation is that we describe the assessment of a timeconsuming curriculum. Indeed, Djuricich et al. 7 who describe a curriculum very similar to ours highlight the difficulties of designing a resident QI project in 1 mo, let alone completing the project. All the same, it is necessary for residents to carefully plan any project that will eventually be successfully implemented, and meaningful assessment is an inseparable component of formative feedback on QI proposals. Yet another limitation is that our instrument was shown to be reliable among a group of raters who were very familiar with QI concepts and were integral to the scale's development, and for a QI curriculum that may have elements unique to Mayo Clinic's learning environment. Therefore, the reliability of our instrument's scores and the generalizability of our findings must be considered cautiously and in this context. Finally, although our sample size was adequate for an accurate factor analysis, we recognize that repeating this study on a much larger sample may show that QIPAT-7 captures more than 1 dimension of QI proposal assessment. We suggest that future studies replicate QIPAT-7 in other educational settings or correlate scores from QIPAT-7 and other QI assessment instruments. Moreover, we plan to seek "relations to other variables" validity evidence 20, 22 by determining whether QIPAT-7 scores correlate with other meaningful criteria, such as selection of resident QI projects for presentation and publication, actual implementation of the project, or improved patient outcomes. With the accumulation of study findings on QIPAT-7 from other institutions and additional validity evidence, this method may prove useful for assessing resident QI proposals and projects.
